ABSTRACT. Recent 
Understanding a text is generally seen as an incremental process in which new sentences are integrated with the preceding sentences to construct a coherent mental representation of the text content. This strategy can be stated in the form of a default principle of comprehension, called the nextness principle (Ochs, 1979, pp. 62-66) , or the principle of continuity: "Readers assume, by default, that continuity is maintained" (Segal, Duchan, & Scott, 1991, p.32) . Following the given-new contract (Clark & Haviland, 1977) , writers are expected to produce their discourse in such a way that readers can apply the nextness principle. However, writers sometimes prevent readers for applying this principle by using a segmentation device. This typically occurs when a new topic has to be introduced in the discourse. When there is a topic shift, the new sentence is, by definition, not directly connected to the previous ones, and the use of the nextness strategy is ill-advised. Readers have to start the construction of a new partition in their discourse representation (van Dijk & Kintsch, 1983; Vonk, Hustinx, & Simons, 1992) . According to the Gricean maxims of communication, writers are expected to inform readers that the continuity with the preceding part of the text is not preserved, that there is a topic shift, and that special action should be taken.
After describing some (linguistic) devices writers use to signal a topic shift, the present paper reports four experiments aiming at testing the hypothesis that signalling the presence of topic shifts speeds up the reading process.
Segmentation Markers
Recently, corpus analysis and experimental research has shown that speakers and writers use punctuation, overspecified referential expressions, and adverbial expressions to mark the segmentation of their discourse (Bestgen & Costermans, 1994; Costermans & Bestgen, 1991; Fayol & Abdi, 1988; Schiffrin, 1987; Segal et al., 1991; Vonk et al., 1992) .
The paragraph indentation is obviously the prototype of these segmentation markers in written text. Even if it can serve other discourse functions (Stark, 1988) , it is the main device used by writers to signal a topic shift in their production (Fayol & Abdi, 1988) . The segmentation function of referential expressions has also been demonstrated. Speakers and writers refer to already mentioned entities using numerous linguistic devices like zero anaphora (ellipsis), pronouns, and nouns (Givón, 1983) . Among the various factors determining the author's choice of anaphoric device, the presence of an episode/paragraph break is very important; authors use devices that are more explicit than needed when there is a discourse unit boundary (Fox, 1987; Hofmann, 1989; Vonk et al., 1992) .
Clause-initial adverbials of time and place act also as segmentation markers, at least in narratives. For van Dijk (1982; p. 181 ; see also Brown & Yule, 1983, pp. 95-100; Chafe, 1984; Longacre, 1979, pp. 117-118) , they are "grammatical signals" that highlight the beginning of a new episode. As stressed by Virtanen (1992) , chains of adverbials, like On Monday ... On Tuesday..., create coherence and cohesion between the textual units they introduce. At the same time, they act as transitional expressions to signal thematic discontinuity. In corpus analyses and in more controlled studies of simple narratives about daily events, Costermans and Bestgen (1991; Bestgen & Costermans, 1994) observed that speakers and writers introduce temporal adverbs like then or next or temporal adverbials like Around two o'clock at the beginning of the sentences that introduce important shifts in their narratives.
The segmentation function of such adverbials originates in the well-known four principles (i.e., time, place, character and theme) that govern narrative coherence and, conversely, determine narrative partition (Bestgen & Costermans, 1994; Chafe, 1979; Graesser, Millis, & Zwaan, 1997; Grimes, 1975; Zwaan & Radvansky, 1998) .
Linguistic expressions that signal a discontinuity in one of these dimensions (a new character, a change of place or a new time frame) create a discontinuity in the narrative. For instance, Anderson, Garrod, and Sanford (1983) and Zwaan (1996) studied adverbials like One hour later or One day later that signal a temporal gap in the narrative and so force the readers to start building a new partition in the discourse model. These devices behave simultaneously as a topic shift builder and as a segmentation marker. They create a new partition and at the same time they inform the readers that a new partition is needed. Other temporal expressions do not necessarily create such a temporal gap, but still behave as a topic shift marker. This is the case for A moment later (Zwaan, 1996) , but also for the connective then (Bestgen & Vonk, 1995) or for adverbials like Around two o'clock in everyday narratives (Bestgen & Costermans, 1994; Costermans & Bestgen, 1991) .
Obviously, the adverbial expressions studied here are linguistic indicators of discourse structure (Grosz, Pollack, & Sidner, 1989) , and so belong to the general class of cue phrases and discourse markers that express the semantic and pragmatic connections between discourse segments (Redeker, 1991; Schiffrin, 1987) . We still prefer to use the term segmentation marker because discourse marker is classically reserved to refer to devices that do not make a semantic contribution to the discourse, while time and place adverbials do make such a contribution. Furthermore, segmentation marker stresses the discourse function of signalling discontinuity in discourse (Bestgen, 1998) .
The studies mentioned above addressed the use of segmentation markers in many different types of discourse (argumentative, procedural, script, expository, and narrative), in monologue and conversation, in written and oral modalities, and with adults and children as participants. They show that thematic shifts in text and discourse are often highlighted by specific linguistic devices we called segmentation markers. The usefulness of these devices for the reader is the issue we want to address here. We first describe what the reader has to accomplish to process a topic shift sentence and then we try determine how a segmentation marker can modify this processing.
The processing of topic shifts
In their study of the impact of lexical, syntactic and textual factors on reading time variation, Haberlandt and his colleagues (Haberlandt, 1984; Haberlandt, Berian, & Sandson, 1980) introduced the term boundary effect to indicate the fact that the reading time for the first sentence of an episode in a story is longer than the reading times for intra-episode sentences. In expository texts too, it has been shown that sentences that introduce a new topic are read more slowly than non-topic sentences (Lorch, Lorch, & Matthews, 1985) . These observations fit well in Gernsbacher's structure building framework (1990) . In this model, comprehension rests on three processes that allow the construction of a mental structure based on the information being comprehended. The first words of a text are used to lay the foundation for the first substructure. Then new information is mapped onto this substructure provided that this new information is sufficiently coherent with the previous information. If this is not the case, readers shift and initiate a new substructure.
To explain the increase in reading time associated with a topic shift sentence in this framework, let us consider what readers do when they encounter a topic shift. In accordance with the mapping process, they first try to link the new information to the ongoing substructure. When this is not possible, they arrive at the conclusion that there is a topic shift, and that a new partition is needed. They consequently shift and initiate a new substructure for which the foundations have to be laid. The momentary increase in processing load due to the efforts to establish continuity (i.e., trying to reinstate old concept or to make bridging inferences) and the additional resources needed to build the new substructure (i.e., finding the new topic, and encoding new information) is what is responsible in this framework for the slowdown in reading (Clark & Haviland, 1977; Gernsbacher, 1990; Haberlandt et al., 1980; Lesgold, Roth, & Curtis, 1979) .
Topic shift and segmentation markers
Since the comprehension function of segmentation markers is to signal a change in topic, the markers should trigger readers to initiate a new substructure (Gernsbacher, 1990, p.77) , and so affect the integration process that builds a representation of the information in the text. More precisely, segmentation markers should inform readers that the general principle of nextness (Ochs, 1979; Segal et al., 1991) , which prompts them to map by default the incoming information into the directly preceding information, has to be suspended. Bypassing the search for continuity would allow the reader to save time. It follows that a marker signalling a topic shift should be beneficial for the reader.
In this paper four experiments are reported that test these predictions by measuring the reading times of marked and unmarked sentences presented in continuous and discontinuous contexts. As marker of segmentation, we selected temporal adverbials like Around two o'clock that, following Bestgen and Costermans (1994) and Bestgen and Vonk (1995) , signal the most important breaks in a narrative. To implement the topic shift versus topic continuity manipulation, an identical target sentence was used for the two conditions, and the theme of the sentences preceding the target sentence was modified. This procedure allowed us to control the intra-sentential factors that could affect the reading time.
Experiment 1
Participants read short narratives about daily events in which a target sentence was preceded by highly congruent sentences (topic continuous) or by weakly congruent sentences (topic discontinuous). Half of the target sentences contained a temporal marker of segmentation (e.g., around two o'clock) and half of the target sentences did not contain such a marker. The dependent variable was the reading time for the target sentence.
We predict an interaction between the topic continuity and the marker manipulation. It would confirm the general hypothesis that segmentation markers affect the on-line processing of text. When there is no segmentation marker, it should take more time to read a topic discontinuous sentence than a topiccontinuous one. This boundary effect should be reduced when there is a segmentation marker since readers do not have to spend time trying to connect the new sentence with the preceding one.
Method

Participants
Twenty-four participants took part in the experiment. In this and in the following experiments, the participants were students at the University of Louvain and native speakers of French.
Materials
The experimental material consisted of 20 texts about human activities like reading the newspaper, gardening, or cleaning the car. The texts had a length of approximately seven sentences. They were all written in the first person. Each text had two versions. In one version, a target sentence continued on a topic; that is, the target sentence was preceded by sentences about the same activity. In the other version, the same target sentence introduced a topic shift, that is, this sentence was preceded by sentences about a different activity. The length of the target sentences was between 35 and 37 characters.
The text versions were obtained in the following way. Each original text was divided into two parts. The first sentence of the second part served as the target sentence. The length of the first part varied between two and four sentences. The original version of the texts constituted the topic continuous condition, since the second part continued on the topic of the first part. The topic discontinuous condition was obtained by interchanging the first parts of two texts with the result that the target sentence was preceded by sentences about a different topic. The texts were paired in such a way that the resulting discontinuous texts did not exhibit an incoherent transition (e.g., a shift from washing a car to paying for some clothes in a shop). As an example, the four versions of one pair of experimental texts and their English translation are given in Table 1 . J'ai coupé une tranche de jambon cuit. I cut up a slice of cooked ham. Je l'ai donnée au chat.
I gave it to the cat. Il m'a montré qu'il en voulait encore.
It showed me it wanted more.
Je l'ai donnée au chat. I gave it to the cat. Il m'a montré qu'il en voulait encore.
Ce lundi, je me suis levée très tard. This Monday, I got up very late. J'ai déjeuné copieusement.
I had a full breakfast. J'ai décidé d'aller me promener dans la campagne. I decided to go for a trip in the country. Je me suis habillée chaudement.
I dressed myself warmly.
Je suis allée dans la cuisine pour préparer le dîner. I went into the kitchen to prepare the dinner. J'ai épluché des pommes de terre.
I peeled the potatoes. J'ai mis le rôti dans une casserole.
I put the roast in a saucepan. J'ai sorti mon vélomoteur du garage.
I took my moped from the garage.
J'ai sorti mon vélomoteur du garage. I took my moped from the garage. Le pneu avant était tout dégonflé.
The front tire was completely flat. J'ai utilisé la pompe pour les matelas pneumatiques. I used the pomp for the air mattress. Ce ne fut pas facile, mais je n'avais que ça.
It was not easy but I had only that. J'ai attendu pour voir s'il allait se dégonfler à nouveau.
I waited to see if it would let down again.
Le pneu avant était tout dégonflé. The front tire was completely flat. J'ai utilisé la pompe pour les matelas pneumatiques. I used the pomp for the air mattress. Ce ne fut pas facile, mais je n'avais que ça.
Note : Bold print indicates the target sentences. It is used for the benefit of the reader only; the participants saw all materials in regular print. Temporal marker for the two target sentences of the pair of texts in the table was Vers onze heures, (Around eleven o'clock,)
The marked version was obtained by inserting a temporal anchor (e.g., Around eleven o'clock) at the beginning of the target sentence. The temporal expression was always of the form Vers h heures (Around h o'clock) in which h represents a clock hour (e.g., Vers onze heures -Around eleven o'clock). There were six different clock hours presented. The same temporal marker was used in both marked versions of a pair of texts. It is worth noting that this insertion added at least 14 characters to the sentence in the marked condition.
Four practice texts and 20 filler texts were written. The filler texts allowed us to decrease the proportion of sentence initial adverbials. They were in all relevant respects similar to the experimental texts. The materials used in this and in the following experiments are available on Internet at the address http://www.psp.ucl.ac.be/~exco/yb/bvtemp2.html.
Design
Four counterbalanced sets of materials were constructed. Each set contained 20 texts, five texts in each of the four experimental conditions. Two of the four versions of a pair of texts were presented in a set in such a way that each sentence appeared only once in the set: Either both original versions (topic continuous conditions) or both versions with the first part interchanged (topic discontinuous conditions) were contained in the set. The filler texts served to increase the number of texts between the texts that were presented with the first parts interchanged. One of the two versions of a pair in a set was in the marked condition; the other one was in the unmarked condition. Across the four sets, each text appeared once in each experimental condition. A pseudo-random order for the texts was constructed under the constraint that two texts belonging to the same pair be separated by at least 18 other texts. Half of the participants saw the texts in this order, and half saw them in reversed order.
Procedure
The texts were presented sentence by sentence in the middle of the screen of a computer, justified to the left. Participants read the text at their own pace. The presentation of each text was preceded by a sentence that prompted the participant to press a labelled key. The key press caused the first sentence to appear on the screen, followed by the next sentence when the participant pressed the same key. After each text, participants were allowed to take a rest.
Participants were told that they were participating in the pretesting of the materials for an experiment in which people would be asked to read texts; these people would see each sentence of a text during a fixed time and would have to say, after the last sentence, whether they had seen a given word in the text or not. It was explained to the participants that to do that experiment correctly, we had to know the normal reading time for each sentence of each text. It was stressed in the instructions that they had to read for comprehension, and that their memory would not be tested in any way. These instructions were used to get participants to read the texts at a normal pace.
Participants saw first the four practice texts, and then the 40 experimental and filler texts. These 40 texts were subdivided into four blocks of ten texts each. After each block, the experimenter reminded the participants to read the texts at their normal pace. After the experiment, participants were thanked for their help in preparing the future experiment and, in addition, the real objective of the present experiment was explained to them.
Results
Reading times for the target sentences were analysed in two three-way analyses of variance, one treating subjects as a random factor (F1) and one treating target sentences as a random factor (F2). In the two analyses, the topic condition and the marker condition were within factors. In the first analysis, participant group was a between factor. In the second analysis, item group was a between factor. The between factors, introduced by the counterbalancing procedure, allow a more powerful analysis by removing the variance due to this procedure (Pollatsek & Well, 1995) . We considered as outliers reading times that were at least three standard deviations from the mean of the marker condition to which they belonged. Following this rule, less than 2% of the data was discarded.
The mean reading times across participants are given in Table 2 . As expected because of the length difference between marker conditions, the marker manipulation strongly affected the reading times for the target sentences (F1(1,20) When there was no temporal marker, participants read the target sentence 175 ms more slowly in the topic discontinuous condition than in the topic continuous condition(F1(1,20)=17.58, p<0.01, MSe=20763.66; F2(1,16)= 9.64, p<0.01, MSe=304240.81). This is the classical boundary effect. However, a temporal segmentation marker reduced this effect to a non significant 42 ms value (F1 and F2 both < 1). 
Discussion
The goal of this experiment was to assess the impact of segmentation markers and topic shifts on the on-line processing of texts. As expected, readers took more time to read a topic shift sentence than a continuous sentence when there was no segmentation marker. This experiment also showed that the presence of a segmentation marker cancels this effect: With a preposed adverbial of time, discontinuous sentences were not read significantly slower than continuous ones. This result is fully compatible with the hypothesis that readers try to relate the new information by default to the preceding information. Segmentation markers seem to direct the readers to bypass this step and to immediately start constructing a new partition in their discourse representation.
If this interpretation is meaningful, the position of the adverbial in the sentence should be critical. A linguistic device is assumed to behave as a discourse marker, a cue phrase or a segmentation marker only if it appears at the beginning of a sentence (Brown & Yule, 1983; Redeker, 1991; Schiffrin, 1987; Virtanen, 1992) . Looking more specifically at adverbials of time, Costermans and Bestgen (1991) observed in a production study that the signalling function of an adverbial like Around two o'clock was related to its position in the sentence. When there was a topic shift, participants frequently inserted a temporal expression at the beginning of the sentence. However, nearly two thirds of these expressions (78 out of 120) were inserted at the end of the sentence and, in that case, they were not associated with an important topic shift.
Experiment 2 was conducted to test the comprehension corollary of the position effect: A temporal adverbial expression has to be inserted at the beginning of a topic shift sentence to be effective as a segmentation marker. Inserted at the end of the sentence, it does not function as a marker of segmentation, and consequently does not reduce the boundary effect.
EXPERIMENT 2
Experiment 2 was identical to Experiment 1 except that the temporal expressions were inserted in final position, called here the postposed condition. For instance, the target sentences of Table 1 became in the postposed condition "J'ai coupé une tranche de jambon cuit vers onze heures."("I cut up a slice of cooked ham around eleven o'clock."), and "J'ai sorti mon vélomoteur du garage vers onze heures." ("I took my moped from the garage around eleven o'clock.") Participants read target sentences with a postposed temporal expression, and target sentences without a temporal expression. In the experiment, the marked (preposed) condition was not directly compared to the postposed condition to avoid confronting the participants with a very high frequency of temporal expressions. The specific prediction was that the temporal expression at the end of a sentence does not function as a marker of segmentation. So the topic continuity factor should influence the two conditions in the same way: Reading times in the discontinuous condition should be longer than in the continuous condition for both the unmarked and the postposed condition.
Method
Participants
Twenty-four participants took part in the experiment. None of them had participated in the first experiment.
Materials, Design, and Procedure
The materials were identical to the one used in the first experiment except that the temporal expressions were located at the end of the target sentences. The design and procedure were the same as in Experiment 1.
Results
The procedure defined in the first experiment for detecting the outliers led us to discard 2% of the reading times. The means of the reading times for the four conditions are presented in Table 3 . The analyses of variance showed the expected main effect for the presence or absence of the temporal expression (F1(1,20) 
Discussion
The presence of a temporal expression at the end of the sentence did not facilitate the processing of a topic shift. This finding is consistent with the theoretical proposition that a discourse marker should be inserted at the beginning of a sentence to be effective in the comprehension process. It is also coherent with the observations in language production: A marker introduced at the end of a sentence is not used to signal a topic shift.
Results of the two experiments were interpreted as demonstrating the segmentation function of the preposed temporal adverbial in the comprehension process. However, there is an alternative interpretation: The topic shifts might have been signalled by a break in the structural parallelism between the sentences (Stark, 1988) . The experimental texts were written in a very stereotypical form. Most of the sentences start with J'ai ... or Je suis ... (see Table 1 ). An adverbial inserted at the beginning of the target sentence breaks this repetitive structure; inserted at the end of the sentence, it cannot. This alternative explanation does not challenge the main thesis that signalling a topic shift allows to proceed with smoother reading. Still it argues that linguistic devices other than the preposed adverbials of time advocated here may be causing the effects.
To rule out this alternative hypothesis, we conducted a third experiment in which temporal markers of segmentation were compared to another type of adverbial expression that does not belong to the classical list of setting adverbials that express narrative partitions (see Introduction). Sentence adverbials like "Comme d'habitude / Comme chaque fois" (As usual) can be inserted at the beginning of a sentence, and, thus, break the structural parallelism between the sentences. However, unlike the temporal adverbials, they should not behave as a segmentation marker.
Experiment 3
Experiment 3 was identical to Experiment 1 except that in the unmarked condition the target sentences contained sentence initially a sentence adverbial expression (Comme d'habitude, Comme chaque fois / As usual), called here the unmarked adverbial condition. For instance, the target sentences of Table 1 
became in the unmarked adverbial condition Comme d'habitude, j'ai coupé une tranche de jambon cuit., (As usual, I cut up a slice of cooked ham.) and Comme d'habitude, j'ai sorti mon vélomoteur du garage. (As usual, I took my moped from the garage.)
Participants read target sentences with a preposed temporal expression, and target sentences with a preposed sentence adverbial. The specific prediction was that the sentence adverbial should not function as a marker of segmentation. So the boundary effect should affect this condition in the same way as the control condition in Experiment 1: Reading times in the discontinuous condition should be longer than in the continuous condition. At the same time this difference should be less in the marked condition.
Method
Participants
Twenty-four participants took part in the experiment. None of them had participated in the previous experiments.
Materials, Design, and Procedure
The materials were identical to the materials of the first experiment except for the target sentences. Half of the target sentences contained a temporal marker of segmentation as in Experiment 1, while the other half of the target sentences contained a sentence adverbial located at the beginning of the sentence. Two different sentence adverbial expressions (Comme chaque fois, Comme d'habitude) were used, each in half of the experimental texts. On average, sentence adverbials were one character longer (16.5) than temporal adverbials (15.5). The design and procedure were the same as in Experiment 1.
Results
The procedure defined in the first experiment for detecting the outliers led us to discard 1% of the reading times. The means of the reading times for the four conditions are presented in Table 4 . The analyses of variance showed no main effect of the type of the adverbial expression inserted at the beginning of the target sentences (F1 and F2 both < 1.02). There was a main effect of the topic continuity factor (F1(1,20) =6.91, p<0.05, MSe=49731.23; F2(1,16)= 9.86, p<0.01, MSe=31468.93). Most importantly, there was a significant interaction between the topic continuity factor and the type of the adverbial expression (F1(1,20) =7.67, p<0.05, MSe=20687.98; F2(1,16)= 9.23, p<0.01, MSe=16102.45). The marked condition replicated the finding of Experiment 1 with a non significant 38 ms difference between the two topic conditions (F1 and F2 both < 1), while there was a 201 ms boundary effect when a sentence adverbial was inserted at the beginning of the target sentence (F1(1,20) 
Discussion
The results of the third experiment show that the temporal adverbial cancels the boundary effect and that the sentence adverbial does not. One might be concerned that, because only two different sentence adverbial expressions were used, participants stopped paying attention to them after the first few occurrences. This is not likely, because participants saw only five sentences beginning with each of these expressions on the total of 40 texts, consisting of 243 sentences. Moreover, the argument should apply to the processing of the temporal adverbial expressions as well because, although there were six different clock hours involved, they belonged to one type (Around h o'clock) that was presented ten times. The results show that subjects did pay attention to this one type of expression. So, one may conclude that the sentence adverbial expression does not cancel the boundary effect. The cancellation of the boundary effect is related to the presence of temporal adverbials. The results argue against the structural parallelism interpretation: Not just any adverbial expression at the beginning of the sentences canceled the boundary effect. This supports the claim that temporal adverbials inform readers that there is a topic shift.
However, our interpretation of the marker effect might face another problem. We interpreted the absence of a difference between the continuous and the discontinuous sentences when there was a temporal adverbial as showing that the segmentation markers speed up processing when they introduce a topic shift sentence. However, this lack of difference could also be explained differently: Temporal expressions could have affected in the same way the processing in both the continuous and the discontinuous conditions. This could be the case if the temporal adverbial expressions prompted readers to set up a new time interval and to mentally dissociate the incoming sentence from the previous sentences as advocated by Zwaan's Strong Iconicity Assumption (1996 , p.1198 . In several experiments, Zwaan showed that temporal adverbials like A day later or An hour later produced an increase in reading times while adverbials like A moment later had no such effect. Adverbials like A day/hour later signal that an event occurred much later while A moment later signals a temporal contiguity. Under this interpretation, our adverbials affect reading in the continuous as well as in the discontinuous context because readers have in both cases to update the time index and to process the incoming sentence more or less independently from its predecessors.
At first glance, the results of Experiment 3 argue against this alternative interpretation because marked topic shift and marked topic continuous sentences were read as fast as unmarked topic continuous sentences and faster than unmarked topic shift sentences. However, in this experiment, we compared reading times for target sentences that differed in the content of the adverbial. If the sentence adverbials were not read at the same pace as the temporal adverbials, these mean reading times are misleading. A better controlled experiment seemed needed. This was the aim of Experiment 4, in which we presented the target sentences in two parts, registering the reading time separately for the adverbial and for the topic part of the sentence. In this way, we were able to compare reading times for the very same words in the four conditions. If the markers really cancel the boundary effect (at least partially), the marked topic part of the sentences should be read faster than the unmarked topic part. Predictions for the adverbial parts were less obvious because it entailed the comparison of different adverbials. Nevertheless, one should expect that the temporal adverbials, if they cause readers to set up a new time interval, should take more time to be processed.
Experiment 4
Experiment 4 was similar to Experiment 3. The most important difference lies in the way sentences were presented to the participants. In this experiment, the target sentences were presented in two parts. The first part contained the temporal or sentence adverbial and the second the remaining part of the target sentence, henceforth referred to as the topic segment of the sentence. In this way, comparisons between the reading times of the topic segments in the four conditions are allowed, since these segments are identical.
To see whether there was any spill-over effect on the reading times for the sentences that followed the target sentence, we measured the reading times of these sentences as well. We equated the length in characters of these sentences.
Method
Participants
Materials and procedure
The materials were the same as those in the third experiment, except for the sentences that followed the target sentences, which were modified to equate their length.
Texts were presented in a moving window paradigm in segments not exceeding 41 characters. Sentences longer than 41 characters were presented in two or three parts, taking into account the syntactic structure of the sentence. The criterion of 41 characters was chosen because it allowed us to present each target sentence in exactly two parts and the sentences following the target sentence in only one part.
Characters and punctuation marks were masked by a hyphen. Each sentence started on a new line. The presentation of each text was preceded by a sentence that prompted the participant to press a labelled key. The key press caused the masked text to appear on the screen. Pressing again the key made the first segment readable.
After the next key press, letters of the current segment were replaced by blanks while the next segment became readable, and so on.
Results
We analysed the reading times for the three segments separately: the adverbial expression, the topic segment of the target sentence, and the subsequent sentence. For each of these segments, outliers were identified and discarded as in the previous experiments (less than 1.5% of the reading times for each type of segment). The means of the reading times for the four conditions for the three segments are presented in Table 5 . The most interesting segment to look at is the part of the target sentence that is topic continuous or topic discontinuous (i.e., the Topic segment). An analysis of variance showed a significant interaction between the topic continuity factor and the type of the adverbial expression (F1 (1,20)=6.91, p<0.05, MSe=20358.18; F2(1,16)=6.20, p<0.05, Mse=17537.10) . The 150 ms difference between the two topic discontinuous conditions was significant (F1(1,20)=11.64, p<0.01, MSe=23209.73; F2(1,16)=18.10, p<0.01, MSe=11733.84) , while the 3 ms difference between the two topic continuous conditions clearly is not (F1 and F2 both <1). Mean reading times for this segment clearly support the "marker as a device that decreases the amount of processing" hypothesis since reading times for the two continuous conditions and for the temporally marked discontinuous condition are nearly equal and shorter than the mean reading time for the unmarked discontinuous condition.
An analysis of variance on the adverbial expressions showed only one significant effect: the type of markers (F1(1,20) =5.87, p<0.05, MSe=9993.57; F2(1,16)=4.16, p=0.0583, MSe=10396.66) . Sentence adverbials were read faster than temporal adverbials. There was no effect of the topic continuity factor, nor an interaction between this factor and the type of adverbial.
Finally, the reading times for the sentence that follows the target sentence did not show a significant difference between the four experimental conditions. It appears that, at least for these materials, the effect occurred at the critical sentence and did not spill over to the next one.
Discussion
The results support the signalling function of segmentation markers. Inserted at the beginning of a topic shift sentence, such devices allow readers to bypass the nextness principle and to immediately start building a new structure on which they can map the new information. Consequently, this experiment provides evidence against the alternative interpretation according to which the temporal adverbials only slowed down the reading in the continuous as well as in the discontinuous context.
Adverbials like
Around two o'clock may not have the same impact as Zwaan's narrative time shift expressions One hour later. A closer look at these two kinds of expression gives some insight into why their impact might be different. Time shift expressions are expressions that signal that an event occurred much later in time than the preceding one (Graesser et al., 1997, p.179) . They make unlikely for the readers the interpretation that the new action occurs immediately after the previous one (Zwaan & Radvansky, 1998, p.176) . This is certainly true for adverbials like One hour later or One day later. But, at least in simple narratives about human everyday activities, it is far less convincing with regard to Around two o'clock for the following two reasons. First, this kind of temporal expressions can be added to almost every action in daily event narratives to indicate explicitly the time of the day when an action started (see Bestgen & Vonk, 1995, pp. 385-387 for a discussion). Second, any gap between two actions is quite unexpected in such narratives, because the speaker's duty is to report all the actions he or she performed.
More importantly, our analyses seem to supplement Zwaan's study (1996) by suggesting that time shift expressions should also allow readers to bypass the nextness principle. These adverbial expressions should produce an increase in processing load because readers have to set up a new time interval. But, simultaneously, they should have a beneficial effect on the search for continuity part of the processing of a topic shift sentence when compared to a topic continuous sentence.
General discussion
Reading a text is a complex activity. It includes lexical, syntactic and textual processes. The two first processes concern intra-sentential information, while the third one consists of the construction of a coherent mental representation based on the content of successive sentences. During the last fifteen years, a number of studies have investigated the effect of the continuity in discourse on reading times (Haberlandt, 1984; Haberlandt & Graesser, 1985; Miller & Kintsch, 1980) . A wellestablished textual factor is what Haberlandt and his colleagues called the boundary effect: Reading time for the first sentence of an episode in a story is longer than for the intra-episode sentences due to the extra processing needed at the beginning of the episode (i.e., the encoding of the problem the protagonist is faced with, and the initialisation of new memory nodes for the episode). The four experiments reported here replicated these observations by comparing the reading time for exactly the same sentence. Processing a sentence takes more time when it introduces a new discourse unit than when it continues the topic of the previous sentences.
This replication of the boundary effect allowed us to study the comprehension function of linguistic devices that signal the structure of discourse. Starting from production studies that have shown that speakers and writers mark the presence of a topic shift by a linguistic signal, we tested the hypothesis that such a device should affect the time needed to comprehend a sentence. The findings of the four experiments corroborate this hypothesis. When a temporal adverbial is inserted at the beginning of a sentence that shifts the topic, the boundary effect is cancelled. The second experiment showed that the temporal expression should be introduced at the beginning of the sentence to be an effective segmentation marker. The third experiment ruled out alternative explanations of the cancellation of the boundary effect, for instance by a break in structural parallelism, by showing that not every adverbial produces the same effect. The fourth experiment confirmed that segmentation markers specifically reduce the amount of processing required for the part of the sentence that is topic discontinuous.
Together, the results of these four experiments show that a temporal segmentation marker (i.e., a preposed temporal expression) allows readers to process a topic shift sentence as fast as a topic continuity sentence. These findings are somewhat puzzling. Although a segmentation marker in a topic shift sentence allows readers to bypass the search for continuity, one would expect that the process of laying a foundation would consume additional resources (Gernsbacher, 1990) .
The absence of a significant difference between the marked discontinuous and the marked continuous condition could partially be the result of some characteristics of the materials used in the experiments. The texts were all simple narratives about human everyday activities written in the first person. Although we were able to find evidence for the boundary effect, it is possible that readers can easily lay a foundation for the new substructure in these texts by simply adding a new chain of activities to the schedule of the I-protagonist. With these texts the processing difficulties should mainly come from the search for continuity. A segmentation marker that leads readers to bypass this step should allow them to read the topic shift sentence as fast as the topic continuous sentence. With less simple stories or expository texts, the reading time for a marked topic shift sentence would probably remain longer than the reading time for a topic continuous sentence for at least the following two reasons. First, laying the foundation for the new structure should produce a larger increase in processing load. Second, in more complex texts, readers could be engaged in macroprocessing, trying to integrate the new topic to the preceding topics (Lorch & Lorch, 1986; Lorch et al., 1985) . Nevertheless, in such texts too, we predict an interaction between the topic and the marker factors, since the presence of a segmentation marker allows the reader to bypass the nextness principle.
Moreover, in our view segmentation markers not only cancel the process of mapping, but may also speed up the process of laying a foundation by suppressing (Gernsbacher, 1990) , inhibiting (Hasher & Zacks, 1988) or deallocating (Just & Carpenter, 1992 ) the activation of the memory nodes connected to the preceding substructure. Therefore, more resources may be available for the processing of the topic shift sentence, and, compared to an unmarked topic shift sentence, readers should benefit from the presence of a marker in the mapping and in the laying-afoundation process.
In favour of this hypothesis is the fact that segmentation markers do indeed reduce the availability of the information preceding them. This effect was observed by Vonk et al. (1992) in two probe recognition experiments, in which they measured the accessibility of a word encountered by the reader in the preceding part of the text. They showed that overspecified referential expressions, which act as segmentation markers, decreased the availability of information contained in the preceding sentences; that is, readers took more time to answer that they had seen a target word after such segmentation markers. These results were replicated by Bestgen and Vonk (1995) in three experiments in which temporal expressions, like Around two o'clock or then, were used as segmentation markers.
The findings reported in the present paper concern only temporal adverbial expressions as segmentation markers. As indicated in the introduction, other linguistic devices can function as segmentation markers including spatial adverbials, but also paragraph indentations and other graphical signals, overspecified referential expressions and connectives. Whether these other devices would produce a similar effect on the on-line processing of text is an empirical question that deserves further investigations. The fact that temporal expressions and overspecified referential expressions reduce the availability of previous information in the same way suggests such a generalization. Finally, one should also consider the other function of successive temporal adverbials mentioned in the introduction: They create cohesion by chaining the textual units they preface (see Virtanen (1992) for a discussion). Still, even when there are multiple adverbials, each creating cohesion, each of them also signals a topic (or a subtopic) shift.
In conclusion, segmentation markers like the temporal adverbials studied here seem to direct the addressees to bypass the integration step and to directly construct a new partition in their discourse representation. Extending Zwaan's research (1996) on adverbials that signal a time shift, this research underlines the crucial function of temporal expressions in discourse understanding, a rather neglected topic in psycholinguistics (Zwaan & Radvansky, 1998) . More generally, we hope to have contributed to the understanding of a device that allows listeners and readers to easily follow speakers and writers in constructing the intended thematic structure,
